We study the resonance line emission from the rotating plane optically thick accretion disc, consisting of free electrons and resonant atoms. We use the standard assumption that the source of continuum radiation is located near central plane of the accretion disc, where the temperature is the highest. This corresponds to the Milne problem consideration for continuum. We shortly discuss the impossibility of the Milne problem for the resonance radiation. We assume that the resonant atoms are located in a thin layer of an accretion disc near the surface. In this case the resonance line emission arises due to scattering of a continuum on the resonant atoms. In thin layer we can neglect the multiple scattering of the resonance radiation on the resonant atoms. We consider the axially symmetric problems, where the Stokes parameter U =0.
Introduction
The observations of resonant lines emission gives many information about the radiating atmospheres. The observation of the spectral line polarization increases the number of an information. As an example, we consider the polarized line emission from Seyfert galaxies presented in a number of the papers (see, for example, Antonucci 1984 ; Antonucci & Miller 1985 ; Smith et al. 2002 , 2004 , 2005 , Marin 2014 ).
There is the standard explanation of the differences between Seyfert-1 and Seyfert-2 galaxies. These differences arise from the orientation effect and the presence of gas-dusty torus in an equatorial plane (see Antonucci 1993 ). According to this explanation, the line of sight n to Seyfert-1 galaxies lies near the normal N to the equatorial plane whereas the Seyfert-2 are observed near the direction to gas-dusty torus. The position angle of polarization (the wave electric field oscillations) in the first case lies in the plane (nN) and in the case of Seyfert-2 galaxies the direction of the wave electric oscillations is perpendicular to the plane (nN). Of course, there are numerous exceptions (see Goodrich & Miller 1994 , Martel 1996 , Corbett et al. 1998 ).
There are many theoretical papers devoted to calculation of the intensity and polarization of the resonance line emission ( for example, Ivanov 1963 Ivanov , 1973 Ivanov , 1995 Nagirner 1964 , Nagirner & Ivanov 1966 Faurobert 1988 , Faurobert & Frish, 1989 It should be noted that there are different assumptions about the places, where the emission of the resonance line holds. We consider the cases when the sources of the resonant atoms (Hα) exist on the surface of an optically thick rotating accretion disc. The rotation velocity mainly is due to the Keplerian rotation. The existence of the viscosity and the magnetic field gives rise to the slow fall of the substance to the center of a disc. In our calculations we neglect of this fall, considering the circle rotation. To explain the observed various shapes of the intensity and polarization degree, we consider three types of the resonant atoms sources The first source is the axially symmetric continuous distribution of the resonant atoms along the circular orbit (see Fig.1 ). The second type corresponds to the small (point-like) source, located on the orbital place, where the Doppler change of the line frequency is maximum (see Fig.2 ). The third type corresponds to two point-like sources located on the orbit contrary one to another (see Fig.3 ).
Thus, we study the influence of the accretion disc rotation on the intensity and polarization shapes of a resonance line emission. The results of our numerical calculations we compare with the observed spectra of Hα in Smith et al. 2002 .
Our Tables 1-3 and Figs. 4 -9 allow to estimate the numerical values of the different parameters ( the ratio of the rotation velocity u rot to the velocity u 0 , which determine the Doppler shape of a line; the ratio of the electron number density N e to the number density N res of the resonant atoms , and the inclination angle i of the accretion disc plane). These parameters are the basic ones for the construction of the source models. Apparently, to estimate these parameters the approximation procedure can be frequently used.
The different problems (exponential, homogeneous and linearly increased sources of the resonant atoms) for the small parameter β ∼ N e /N res were solved in Silant'ev et al. 2017a. In this paper the accretion disc is assumed to be non-rotating.
Below we consider the resonance line emission from the optically thick rotating accretion disc with the arbitrary value of parameter β . We assume that the resonant atoms are located in a thin layer below the surface. The source of continuum radiation is located near the central plane of an accretion disc, where the temperature is the highest and the intensive thermal non-polarized radiation arises (see Shakura & Sunyaev 1973) . The continuum radiation near the accretion disc surface corresponds to the solution of the Milne problem.
Recall, that the traditional Milne problem describes the propagation of radiation through the conservative (without absorption) optically thick atmosphere, when the source of thermal radiation located far below the surface. In this case the flux of the propagating continuum radiation is the same at every vertical distance in an atmosphere.
The generalized Milne problem describes the propagation of continuum radiation in the nonconservative plane-parallel optically thick atmosphere. Due to existence of the absorption, the radiation flux diminishes with the increasing of vertical distance from the cental accretion plane. The solutions of both Milne problems give the angular distribution and polarization degree of emerging radiation (see Silant'ev et al. 2017b ).
The goal of our paper is to calcutate the resonance radiation emission from an rotating accretion disc for different types of the resonant atom sources. We consider the scattering of the continuum radiation on the resonant atoms near the surface of the accretion disc as a mechanism of the resonance emission.
Note that the Stokes parameter Q = I x − I y , where I x and I y are the radiation intensities with the wave electric field oscillations along the axes x and y, correspondingly. The x-axis lies in the plane (nN) and the y one is perpendicular to this plane. Here N is the normal to the plane-parallel atmosphere and n is the direction of the light propagation (see Fig.1 ). The X,Y,Z -directions characterize the general reference frame in the accretion disc.
Basic equations
The radiative transfer equation for the vector (column) consisting of intensity I res (z, x, µ) and the Stokes parameter Q res (z, x, µ) of the spectral line emission has the form:
(1) Here µ = cos θ with θ being the angle between the line of sight n and the normal N to the plane optically thick accretion disc; the value x is the dimensionless frequency (see Eq. (4)). The optical depth along the normal N is dτ = dτ res = N res σ (t) res dz, where N res is the number density of the resonant atoms and σ (t) res is the frequency averaged total cross-section of the resonance radiation. The value N e is the number density of free electrons, σ T is the Thomson cross-section. The factor
res is the probability of the resonance line emission at the scattering event.
The dimensionless absorption factor is equal to α(x) = ϕ(x)+β, where ϕ(x) characterises the shape of emission line. In general case the parameter β describes the extinction of the resonance line by all the factors (free electrons, non-resonant atoms, the dust grains.) The extinction by free electrons is describes in Eq. (5) . Note that Eq. (1) does not describe the Compton scattering. We consider only elastic scattering. The values s I (z) and s Q (z) describe the sources for parameters I res (z, x, µ) and Q res (z, x, µ) . The values I res (z, x, µ) and Q res (z, x, µ) have the dimension [ erg/cm 2 sec Hz sterad ]. The source term withÂ(µ)ϕ(x)s(z) describes the scattered radiation.
Introducing the optical depth dτ = N res σ 
where the vector S(τ ) is:
The values S(τ ) and K(τ ) have the sense of the radiation density [ erg/cm 3 sec Hz sterad ]. Note that radiative transfer equation for the continuum radiation I cont (τ, µ) in the free electron atmosphere has the similar form, if we omit the integration over frequencies and take ϕ(x) = 1, β = 0, α(x) = 1, and dτ = N e σ T dz. The parameter ε in this case denotes the probability of absorption in the scattering act (see Eqs.(33, 34)).
Usually one considers the multiple scattering of continuum radiation on free electrons only, taking into account that the Thomson scattering crosssection σ T ≃ 6.5 · 10 −25 cm 2 is much greater than that for atoms σ atom ∼ 10 −28 cm 2 . Thus, the scattering on non-resonant atoms can be neglected.
We take the Doppler shape of a resonance line:
Dimensionless frequency is equal to x = (ν − ν 0 )/∆ν D , where ν 0 is the frequency in the center of a line. The Doppler width ∆ν D ≡ (ν 0 /c)u 0 . The characteristic velocity u 0 is equal to: u 0 = u 2 th + u 2 turb /3, where the thermal velocity along the line of sight is u th = 2kT /M , and the turbulent velocity is the mean velocity of chaotic motions u 2 turb = u(r, t) 2 , c is the radiation speed. The value ∆ν = ±(ν−ν 0 ) characterizes the shape of the line. It connected with x by the formula ∆ν = ±x ν 0 (u 0 /c) (u 0 /c << 1). This means that the ν-shape of the line looks much narrower than the x-shape. To transform the theoretical x-shape to the observed ν-shape we have to know or assume the u 0 -parameter.
The factor β in the electron atmosphere is:
where we take into account that the ratio σ T /σ (t)
res is the probability of the radiation scattering on a resonant atom.
res ≃ 10 −3 − 10 −4 is the destruction probability (see Frisch & Frisch 1977) . This parameter arises due to the two-photon radiation from the radiating atom level. Note that this parameter does not equal to zero.
The matrixÂ(µ) is :
The valueÂ(µ)Â T (µ) is the scattering matrix. The parameter W depends on the quantum numbers of the transition atomic levels. For the simplest case of the dipole transition W = 1. Our calculations correspond to this case. The superscript T is used for the matrix transpose.
Using the formal solution of Eq.(2) (see Chandrasekhar 1960, Silant'ev et al. 2015), we derive the integral equation for S(τ ):
The term g(τ ) has the form:
The matrix kernel of integral equation (7) is equal to:
The matrixΨ, having the sense of the angular scattering function, is symmetric:Ψ T =Ψ. This property gives rise to the symmetry of the kernel L T =L. The explicit form of matrixΨ(µ) is the following:
(11) Note that the resonance line shape (4) corresponds to the line frequency near the center of the line. Far from the center the resonance line shape is described by the Lorentz formula:
where parameter δ = ∆ γ /∆ D is the ratio of the Lorentz width to the Doppler one. The Lorentz width ∆ γ is proportional to the natural width of the line. Usully this width is much smaller than the Doppler width, i.e. the parameter δ << 1. It is of interest to know the frequency x * when ϕ(x * ) = ϕ L (x * ). According to Ivanov 1973 , for δ = 0.01 we have the value x * = 2.67 , for δ = 0.001 the value x * = 3.12 and for δ = 0.0001 the value x * = 3.51. It appears that the results with the Doppler shape function (4) are valid for x ≤ x * .
In the rotating plane accretion disc the Doppler effect gives rise to the following change of the frequency ν:
Here we assumed the right-hand rotation with the azimuthal velocity u rot . The azimuthal angle of rotating atoms ϕ is assumed to be zero for the X-axis. The line of sight n lies in the plane (XN), where X, Z = N and Y are the corresponding unit vectors of the coordinate system. Recall, that the angle θ is the angle between the line of sight n and the vector N (see Fig.1 ). This angle is the inclination angle of an accretion disc, frequently denoted as i.
In the rotating accretion disc the shape (4) of the emission line transforms to:
As a result, the function α(x) = ϕ(x) + β depends on parameters a = u rot /u 0 , β , the angles θ and ϕ.
The parameter a depends on the ratio of the rotating velocity to the velocity u 0 , characterizing the thermal and turbulent velocities. This parameter can be accepted as the model parameters. Thus, we cannot estimate the rotation velocity u rot from the observations in the explicit form. The total radiation is characterized by the sum of the continuum radiation vector I cont (µ, τ T ) and the spectral line radiation I res (τ, x, µ). Further we consider the case, when the resonant atoms are located near the surface of the optically thick accretion disc and the radiation density of the continuum is larger than that of the resonance line radiation. It appears, this is the natural assumption about the location of the resonant atom sources. Besides, we consider that the continuum radiation is the solution of the Milne problem (see Chandrasekhar 1960 ).
Below we shortly follow to general theory of resolvent matrices given in Silant'ev et al. 2015, 2017a.
Solution of integral equation for S(τ ) using resolvent matrix
According to the standard theory of integral equations (see, for example, Smirnov 1964), the solution of Eq. (7) can be presented in the following form (see Silant'ev et al. 2015, 2017b):
where the resolvent matrixR(τ, τ ′ ) obeys the integral equation:
(16) The propertyL T =L gives rise to the relation
. We see that the equation for R(τ, 0) follows from Eq. (16)
This equation is analogous to Eq.(7). It means that R(τ, 0) can be presented in the form:
The general theory (see Sobolev 1969 , Silant'ev et al. 2015 demonstrates that the resolventR(τ, τ ′ ) can be calculated, if we know the matricesR(τ, 0) andR(0, τ ′ ). This is seen directly from the expression for the double Laplace transform ofR(τ, τ ′ ) with the parameters b and c :
(19) Taking the Laplace transform ofR(τ, 0) and using the relation (19), we can derive non-linear equation for H-matrix:Ĥ
whereR(1/z, 0) is the Laplace transform ofR(τ, 0) with the parameter 1/z.Ê is the unit matrix. This equation has the form:
TheĤ(z)-matrix can be calculated, if we know the matrixĤ µ α(x) , which obeys the following nonlinear equation:
Recall, that the parameter x is the dimensionless frequency (see Eq. (4)). The parameters b, c, z are mathematical parameters, used in the integral equations theory. TheĤ(z)-matrix obeys the linear equation. Following to the technique in Silant'ev et al. 2015 , we obtain:
From Eq.(2) we obtain the expression for the emerging radiation:
The most simple formula arises for the exponential source of non-polarized radiation:
Using the relation (19), we obtain: 
Short comments on the impossibility of the Milne problem for resonance line
Recall, that the usual Milne problem describes the diffusion of the radiation through the semi-infinite non-absorbing atmosphere, where the radiation flux is constant. For the spectral line diffusion the total flux ( introducing the integral over all frequences of a line ) is not conserved because the parameters ε = 0 and β = 0 (see Ivanov 1963) . Eq. (2) gives rise to the conservation of the total flux only for the case ε = 0 and β = 0. The generalized Milne problem (see Silant'ev et al. 2017b) describes the radiation diffusion through the semi-infinite atmosphere with the absorption. For this case the total flux decreases with the approaching to the surface.
Nevertheless, we can obtain the intensity distribution J(0, x, µ) = I(0, x, µ)/I(0, x, 0) and the polarization degree p(0, x, µ) = Q(0, x, µ)/I(0, x, µ) of emerging radiation. Below we consider the generalized Milne problem.
It is known (see Sobolev 1969) , that the Milne problem in both cases corresponds to the solution of the radiative transfer equation without the free term g(τ ). In this case S(τ ) = K res (τ ) and the equation (7) transforms to the homogeneous equation for K res (τ ):
The Milne problem corresponds to non-zero solution of Eq. (27) . In this case the vector I res (0, x, µ), describing the emerging radiation, has the form:
i.e. this expression is proportional to the Laplace transform of K res (τ ). 
which has non-zero solution, if the determinant is equal to zero. This equation allows to obtain the characteristic number k. Taking z = 1/k in linear Eq. (23), we obtain that the determinant is zero, if the characteristic equation is:
(30) This equation does not depend on theĤ-matrix.
Most simple case corresponds to the scalar equation for the intensity and assume that the light scattering is isotropic. In this case Ψ(µ) = (1−ε)/2 and the characteristic equation is:
Here we follow to the simple approach to solve the scalar Milne problem by Sobolev 1969 . It is easy to obtain that for k = 0 and β = 0 the determinants of Eqs. 
Let us discuss this result. Physical sense of the Milne problem means that there exists the conservation of the line shape in the deep layers of an atmosphere, where the multiple scatterings of the light hold. The presence of the non-resonant atoms, the dust grains and non-zero parameter ε destructs the line shape and the Milne problem becomes impossible.
The impossibility of the Milne problem for the spectral lines gives rise to the new interesting problem. We can to take the solution of the Milne problem for the continuum radiation as the source function, i.e. take the radiation density as the sum K res (τ ) and K cont (τ ). Moreover, we assume that the resonant atoms locate in a thin layer near the surface of an accretion disc. In this case we can neglect the multiple scattering of the resonance radiation on the resonant atoms. This gives K res (τ ) << K cont (τ ). Below we give the solution of this problem. 5 The Milne problem for the continuum and the calculation of the emerging resonance line intensity and polarization Thus, we calculate the continuum radiation density K cont (τ T ) as the solution of the Milne problem in the electron atmosphere. Recall, that the radiative transfer equation for continuum radiation has the form:
where the vector S(τ T ) is:
The Thomson optical depth dτ T = N e σ T dz is related with dτ by the following formula: dτ T = βdτ . This relation will to be used in the further calculations, where we assume that the resonant atoms are distributed near the surface of the optically thick accretion disc. The latter condition gives rise the inequality
Recall, that we neglect by the radiation scattering on non-resonant atoms because the Thomson scattering cross-section σ T >> σ atom .
In this situation the resonant radiation arises as a result of the scattering of the continuum radiation on the layer of the resonant atoms near the surface. Thus, we can neglect K res (τ ) compared with K cont (τ ). Recall, that the vector K cont (τ ) is determined by the Milne problem for continuum radiation in the electron atmosphere.
The scattering of this continuum radiation on the resonant atoms produces the emerging radiation I res (0, x, µ), describing by Eq.(28) , where K res (α(x)/µ) → K cont (α(x)/µ). As a result, the expression (28) transforms to:
The vector K cont (τ ) obeys Eq. (27) , where the kernelL(|τ − τ ′ |) is equal to (see Silant'ev et al. 2017b):
The valueΨ(µ) = (1 − ε)/2)Â(µ) TÂ (µ), where (1 − ε) describes the existence of the pure absorption of a continuum radiation by the dust grains and the scattering on non-resonant atoms.
The characteristic equation in this case is more simple:
The solution of this equation is k ≤ 1 for every value of the absorption. Note that the generalized Milne problem for continuum with the parameter ε = 0 is considered in Silant'ev et al. 2017b. The relation k ≤ 1 means that the Milne problem for continuum radiation always has the solution (see Eq. (41)). Instead of Eq. (21) we have more simple expression:
(38) According to the theory, presented in Silant'ev et al. 2017b, we obtain the formula forK cont (α(x)/(βµ)):
(
39) It is convenient to use the new matrices:D(µ) = A(µ)Ĥ(µ) andD(x, µ) =Â(µ)Ĥ(βµ/α(x)). The matrixD(µ) obeys the following equation:
The emerging continuum radiation is described by the formula:
The denominator of Eq. (41) is positive because the characteristic number k ≤ 1 . The equation for matrixD(x, µ) follows from Eq.(38), where z = βµ/α(x):
Eq.(42) can be presented in the form:
i. e. this equation can be readily solved, using the matrixD(µ). The technique of the numerical calculation of Eq. (40) is given in Silant'ev et al. 2017b.
As a result, expression (35) reaches the form:
Note that the denominator of Eq.(44) is positive (α(x) − βkµ = (ϕ(x) + β(1 − kµ)) > 0). The homogeneous equation (27) (for K cont (τ )) allows us to obtain the ratio K Q (0)/K I (0) = t. We take K I (0) = 1 and K Q (0) = t. As a result, from Eq. (44) we can obtain the angular distribution J res (x, µ) ≡ I res (0, x, µ)/I res (0, 0, µ) and the degree of polarization p res (x, µ) ≡ Q res (0, x, µ)/I res (0, x, µ). The value J res (x, µ) describes the shape of the spectral line. The negative polarization degree p res denotes that the wave electric field oscillations are perpendicular to the plane (nN). Recall, that the characteristic number k obeys Eq.(37) for continuum radiation.
Below we consider the free electron conservative atmosphere, where ε = 0 and k = 0. In this case the parameter t = −0.106280.
The value α(x)/β = ϕ(x)/β+1 tends to 1 for x ≫ 1. In this caseD(x, µ) →D(µ). Asymptotically Eq.(44) for x >> 1 tends to:
In particular, Eq. (45) gives rise to asymptotical relation p res (x, µ) → p cont (µ), i.e. the polarization degree of the resonance line in the far wings coincides with that of the continuum radiation. Our numerical calculations, using the technique Silant'ev et al. 2017b (see Figs.4-9 ), confirm this. Physically this is natural because the far wings coincide with the continuum radiation. Formula (44) corresponds to the accretion disc with the vertical temperatute the highest in the central plane of an accretion disc, i.e. this allows us to use the Milne problem theory for continuum radiation. Such temperature corresponds to various models of accretion discs (see, for example, Shakura & Sunyaev 1973)). The diffusion of continuum radiation from the central plane to the surface gives rise to the radiation density vector K cont (τ T ). This continuum radiation, scattered on the resonant atoms, produces the resonance line emission.
Note that most important assumptions in our theory are K cont >> K res and that the high temperature exists in the central plane of the optically thick accretion disc. These assumptions allow us to neglect by the multiple scatterings of the resonance line radiation.
Results of calculations
Now we discuss the results of the numerical calculations of Eq.(35) for the angular distri-bution J res (x, µ) = I res (0, x, µ)/I res (0, 0, µ) and the polarization degree p res (x, µ) = Q res (0, x, µ)/I res (0, x, µ) of the resonance radiation emerging from the optically thick accretion disc, consisting of free electrons and the thin layer of the resonant atoms near the surface. The technique of numerical calculations is given in Silant'ev et al 2017b . The results of the calculations are given in Figures 4-9 and Tables 1-3 .
Below we will show the coincidence of our effects with those in a number of sources given in the spectropolarimetric atlas of Seyfert 1 galaxies (see Smith et al. 2002) . The particular models, presented in Smith et al. 2004 , 2005, we do not discuss.
Firstly we note that the polarization p res (x, µ) is negative. This corresponds to the wave electric field oscillations perpendicular to the plane (nN), i.e. as in known solution of the Milne problem for continuum radiation (see Chandrasekhar 1960) . This is natural because the scattering matrixÂ(µ)Â T (µ ′ ) in our transfer equation (2) is similar to that in the radiative transfer equation (33) for continuum radiation in an electron atmosphere.
According to Chandrasekhar's solution, the angular distribution J(µ) = I cont (0, µ)/I cont (0, 0) has the maximum value 3.063 at µ = 1 and the maximum polarization degree 11.713% at µ = 0(θ = 90
• ). Due to the axial symmetry, the polarization at µ = 1(θ = 0
• ) is equal to zero both for the continuum and resonance radiations.
For the resonance line the polarization degree 11.713% holds for all frequencies x at µ = 0. For µ = 0 the polarization arises due to the last scattering of continuum radiation both on free electrons and on resonant atoms. For angles θ = 90
• the polarization degree depends on the angle θ and the parameters β and a = u rot /u 0 . Recall, that in the far wings of the resonance line the polarization degree p res (x, µ) → p cont (µ) for all values of µ (see Eq. (45)).
First of all, we consider the case of non-rotating accretion disc (u rot = 0). It is clear that in this case all parts of the non-rotating disc are equivalent one to another. Therefore we give the results only in Figs. 4 and 5 .
In Tables 1, 2 and 3 we consider the angular distribution J res (x, µ) and the polarization degree p res (x, µ)% for θ = 0
• , 30
• . We took β = 0.5, 1, 2 and a = 0. These Tables correspond to non-rotating accretion disc. Due to the axial symmetry the right and left wings of the resonance line have similar form. We present only the right wing. For large x > 2 − 3 the I res (x, µ) → 0 and p res (x, µ) → p cont (µ) in accordance with Eq.(45). These Tables and analogous ones for rotating disc can be used for the estimation of the inclination angle i ≡ θ of an accretion disc. This angle is very important parameter of the accretion disc. Now we consider the rotating discs. In Figs. 4 and 5 we present the J res (x, µ) and p res (x, µ) for parameters β = 0.5 and β = 1 for rotating accretion discs with parameters a = 0, 0.5, 1, 2, when the resonant atoms are distributed on the orbit axially symmetric around the center of the accretion disc (see Fig.1 .) In these cases the J res (x, µ) and p res (x, µ) are similar in the right and left wings of the emitting line. The numbers near curves denote the values of parameter a = u rot /u 0 . Note that we take the angle θ = 45
• . The parameter a = 0 corresponds to non-rotating disc.
Figs. 4 and 5 show that the shapes J res (x, µ) have one peak-like form. They are practically identical for a = 0, 0.5 and 1. For the case a = 2 the angular distributions J res (x, µ) differs essentially from those for a = 0, 0.5, 1. Beginning from β = 1 the line shape at a = 2 acquires the plane form in the interval x ≃ (−0.5, 0.5).
For polarization degrees the difference between a = 0 and 0.5 is not profound. Note that for a = 2 the value p res (x, µ) acquires two peaks at x ≃ ±1.4. It appears, this is the consequence that at a = 2 the right and left wings are far from one to another. Clear that two peak effect can be more profound for a > 2.
Two-peak behaviour of the polarization degree is observed in Hα-line for the sources Mrk-6, Mrk-290 , Mrk-590, Mrk-985 and some other (see Smith et al. 2002) . Recall, that the Hα-line has λ 0 = 0.6563Å in the laboratory frame of reference. The observed Hα -lines have cosmological red shift, various for different sources.
It is of interest to consider the rotating accretion disc with the one spot-like distribution of the resonant atoms (see Fig.2, 6, 7) . We take the spot with maximum rotation, corresponding to ϕ = 90
• (see Eqs. (13,14) ). Figs. 6 and 7 present J res (x, µ) and p res (x, µ) for this spot-like source of radiating atoms. This is not axially symmetric problem relative x = 0.
As in Figs. 4 and 5, we take θ = 45
• . The intensity of radiation in the right wing has the factor to exp [−(x − a sin θ) 2 ] and in the left wing has the factor exp [−(x + a sin θ) 2 ]. The maximum values of J res (x, µ) and p res (x, µ) are independent of parameters β and for a = 0.5, 1, 2 hold at x ≃ 0.35, 0.7, 1.4, correspondingly. The polarization degrees p res (x, µ) have the similar profiles (with the p max = 1.62% ) as for the case a = 0, but are shifted from x = 0 to x ≃ 0.35, 7, 1.4. It appears, such behaviour confirms that the emerging radiation holds polarization as a result of the last scattering of radiation before escape from the accretion disc. Recall, that polarization in wings corresponds to values for 35) gives the following angular distribution J res (x, µ) and polarization degree p res (x, µ) % for β = 0.5 and θ = 45
• . The homogeneous sources are distributed axially symmetric around the center of accretion disc. The numbers denote the parameter a = u rot /u 0 . • . The homogeneous sources are distributed axially symmetric around the center of accretion disc. The numbers denote the parameter a = u rot /u 0 . continuum radiation p cont (µ) (see Eq. (45)).
The shift of the resonance line frequency for the intensity and polarization degree is proportional to the parameter a = u rot /u 0 . The one peak polarization degree is observed in some cases, for example, in the source Fairall 51 (see Smith et al. 2002) .
In Figs. 8 and 9 we present the J res (x, µ) and p res (x, µ) for the two spot-like equal sources with β = 1, which are located oppositely one to another (ϕ = 90
• and 270
• , respectively). This is the axially symmetric case. Here we take θ = 45
• and 30
• . The existence of two sources gives rise to more complex pictures than in Figs. 4 and 5. So, for a = 2 and θ = 45
• two peak-like shapes appear for J res (x, µ)(the maximums at x ≃ ±1.4). For θ = 30
• the shape of line is practically plane in the interval Figure 6 : The result of numerical calculations of Eq.(35) gives the following angular distribution J res (x, µ) and polarization degree p res (x, µ) % for β = 0.5 and θ = 45
• for spot-like source with the maximum Doppler shift (ϕ = 90
• ). The numbers denote the parameter a = u rot /u 0 .
x ≃ (−0.5, 0.5).
It is interesting that frequently the shape of the observed resonance line (see Smith et al. 2002) is slighly different at the right and the left parts of the peak . This effect can arise if the sources of the resonant atoms in the left and right parts have slightly different numbers of the resonant atoms. The degree of polarization increases with increase of θ. This is similar to the case of the Milne problem for continuum radiation (see Chandrasekhar 1960) .
In this paper we did not obtain the opposite position angles for the left and the right wings. This effect is frequently observed (see Smith et al.2002) . To obtain this effect we need to have additional scattering of resonance radiation from rotating disc on some cloud (see Smith et al. 2005) . The another explanation is connected with the existence of magnetic field in the rotating accretion disc. In this case the right and left wings affected by opposite Faraday rotations (see Silant'ev et al. 2013 ).
Conclusion
In this paper we consider the emerging of the resonance line radiation from the optically thick accretion disc, consisting of free electrones and resonant atoms. The accretion disc is assumed to be rotating. We assume that the resonant atoms are located in thin layer below the surface of an accretion disc. We also assume that the density of continuum radiation is due to the Milne problem and is much greater than that for the resonant radiation. Recall, that the Milne problem describes the emerging radiation from semi-infinite atmosphere, if the sources of a radiation are located far below the surface. We consider that the source of continuum radiation located in the cental plane of an accretion disc, where the temperature is the highest. For continuum radiation the Milne problem holds always. We shortly demonstrate that the Milne problem for the resonance radiation is impossible. In our case the resonance emission arises as a result of the scattering of continuum radiation on the thin layer of resonant atoms.
Three cases of the resonant atoms sources are considered. The first case corresponds to continuous distribution of the resonant atoms along the circular orbit (see Fig.1 ). The second case corresponds to one spot-like source see Fig. 2 ). The third case corresponds to two spot-like sources located one oppositely to another(see Fig.3 ). In the first and the third cases the right and left wings of emerging line are similar. In the second case the shape of the line radiation is shifted as compared with non-rotating accretion disc. The shape of the emerging line intensity and polarization depends significantly on the ratio of the rotation velocity value to the velocity, characrerizing the Doppler width. It also depends on the ratio of the electron number density to the number density of resonant atoms. The results of the calculations characterize the different observational effects of Hα radiation in the accretion discs and can be used for estimations The angular distribution J(x, µ) and degree of polarization −pres(x, µ) = −Qres(x, µ)/Ires(x, µ) in % for β = 0.5, a = 0 and different angles ϑ • for nonrotating accretion disc. Note that pres(x, 1) ≡ 0 and pres(x, 0) ≡ −11.713%. Table 2 : The angular distribution Jres(x, µ) and degree of polarization −pres(x, µ) = −Qres(x, µ)/Ires(x, µ) in % for β = 1, a = 0 and different angles ϑ • for nonrotating accretion disc. Note that pres(x, 1) ≡ 0 and pres(x, 0) ≡ −11.713%. Table 3 : The angular distribution Jres(x, µ) and degree of polarization −pres(x, µ) = −Qres(x, µ)/Ires(x, µ) in % for β = 2, a = 0 and different angles ϑ • for nonrotating accretion disc. Note that pres(x, 1) ≡ 0 and pres(x, 0) ≡ −11.713%. 
